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S ummary.Tax is an own transcriptional activator of
human T-cell leukemia virus type I (HTLV-I) virus
which is a causative agent of adult T-cell leukemia
(ATL). Expression of the Tax protein in the rodent
fibrolast, Rat-1 cells, leads to an anchorage independent
growth in soft agar and tumor formation in athymic
mice. Rat 3Y1 cells, originating from Fisher Rat fibro-
blasts, are known to be a permanent cell line exhibiting
a normal phenotype and have been used for assays of
transformation by several oncogenes. Although Tax
was able to trans-activate satisfactorily the HTLV-I
long terminal repeat (LTR) and NF-*B dependent
promoter in 3Y1 cells, the cells expressing Tax could
neither form visible colonies in soft agar nor elicit
tumors in nude mice. Cell fusion experiments suggested
that 3Y1 cells might have some dominant suppressive
activities for Tax-mediated transformation. Since the
constitutive activation of the NF-*B pathway is sug-
gested to be responsible for Tax-mediated transforma-
tion of rat fibroblasts, 3Y1 cells might be useful mate-
rials to obtain suppressor candidates related to the NF
-#Bfamily involved in oncogenic properties or to eluci-
date other unknown pathways for Tax-mediated trans-
formation of the rat fibroblast. At least p53 mutation is
not involved in cooperation with interaction of tax
gene for transformation.

Key words-Rat 3Y1, Tax, transformation, CREB/ATF,
NF-*B.

INTRODUCTION

HumanT-cell leukemia virus type I (HTLV-I) is a
causative agent of adult T-cell leukemia (ATL)1'.
HTLV-I has a unique pX region between env and
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3 'long terminal repeat (LTR) in addition to common
structures of retroviral genomes2'. This pX region
encodes three viral proteins: Tax, Rex, and p213~5'.
Tax is known to be a transcriptional trans-activator
of the HTLV-I LTR6) and it also trans-activates
other viral and cellular promoters7'10' including the
cyclic adenosine monophosphate response element
binding protein/activating transcription factor
(CREB/ATF) pathway and the NF-*B/Rel pathway.

Previous studies have proven the oncogenic poten-
tial of Tax using fibroblasts. Coexpression of the tax
gene with the activated ras gene renders primary rat
fibroblasts tumorigenicll'. The expression of Tax
transforms established rodent fibroblasts, Rat-1
cells12'. It is required for maintenance of the transfor-
med phenotype, and the stability of Tax protein is
correlated with its transforming ability13'14'. Recent
studies have shown that the constitutive activation of
NF-*B is essential for a Tax-mediated transforma-
tion of Rat-1 cells15'.

Although viral infection occurs in most cases at
infancy, ATL shows low incidence rates and a long
latency period16'. Aberrant chromosomal abnormal-
ities found in ATL leukemic cells and the long
latency of ATL implies a multistep mechanism of
leukemogenesis including the loss of tumor suppres-
sor genes functions. On the assumption that the long
latency of ATL is based upon the loss of suppressive
genes, we became interested in suppressive factors
(genes). If we could obtains the rodent fibroblastic
cell lines which are resistant for Tax-mediated trans-
formation, they should be valuable materials to
search for suppressive factors by means of compar-
ing resistant with sensitive cells for Tax-mediated
transformation. Since the constitutive activation of
NF-;cB activation is essential for the transformation
of Rat-1 cells, such cells also might be useful mate-
rials to pick up suppressive factors for NF-arB-
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t h e s el e c ti o n m e di u m c o n t a in i n g b o t h G 4 18 a n d b l a s -

ti cidi n f o r 7 d a y s
,
d r u g

-

r e si st a n t c ell s w e r e c o ll e ct e d
a n d s u bj e c t e d t o a s oft a g a r a s s a y . F o r c o n t r ol of t h e

f u si o n e ff e c t
,

R b T -5 w a s f u s e d wi th R a tll c ells

( R m i x
1 3'〉 w hi ch w a s a p o ole d p o p ul a ti o n t r a n sf e c t e d
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T a x →

T a x 一寸

6 7 8 9 1 0

Fi g .
1 . W e s t e r n bl o t a n al y st s O f th e T a x p r o t ei n e x p r e sI

s e d i n R a ト1 c ell s
,
3 Y I c ell s a n d h y b ri d c ell s ･ T a x w a s

d e t e c t e d b y i m m u n o b l o t t e c h n i q u e s u si n g th e T a x

- s p e ci丘c- m o n o c l o n a l a n tib o d y ( M I 7 3) a n d
1 2 5

ト1 a b el e d

p r o t ei n A ･ O n l y o n e b a n d f o r T a x i s vi sib l e ･ A r r o w i n di -

c a t e s b a n d s f o r T a x . l a n e 1
,

R S m i x (R a ト1) ; l a n e 2
,
R b T

- 5 ( R a t- 1
,
T a x ); l a n e 3

,
Y N m i x (3 Y l) ; l a n e 4

･
Y T l l A

( 3 Y l
,
T a x) ; l a n e 5

,
Y T - 2 A (3 Y l

,
T a x ) ; l a n e 6

,
h y b ri d

c ell s b e t w e e n R S m i x ( R a t- 1) a n d Y N m i x (3 Y l); l a n e 7
,

h y b ri d c e ll s b e t w e e n R S m i x ( R a t- 1) a n d Y T - 1 A (3 Y l
,

T a x ); l a n e 8
,
h y b ri d c e ll s b e t w e e n R S m i x ( R a ト1) a n d

y T - 2 A (3 Y l
,
T a x) ; l a n e 9

,
h y b ri d c ell s b e t w e e n Y N m i x

(3 Y l) a n d R b T - 5 ( R a t- 1
,
T a x ); l a n e 1 0

,
h y b ri d c ell s

b e t w e e n R b T - 5 ( R a t- 1
,
T a x) a n d R m i x ( R a ト1) ･

w ith p H 2 R n e o ･ H y b rid c ell s p r o d u c e d b y t h e f u si o n of

R m i x w ith R b T -5 e x h ib it e d a m ild r e d u c ti o n of

c ol o n y f o r m in g e 氏cie n c y ( T a bl e 1
,
R b T - 5 Ⅹ R m ix ) I I n

c o n t r a s t
,
h y b rid c ell s b et w e e n Y N m i x a n d R b T -5

sh o w e d a n e vid e n t r e d u cti o n s u g g e sti n g s o m e s u p
-

p r e s siv e m e ch a n is m s f o r T a x - m e di a t e d t r a n sf o r m a -

ti o n i n 3 Y I c ells (T ab le 1
,
Y N m i x x R b T -5) ･ T o

c o n 丘r m th e T a x e x p r e s si o n i n h y b rid c ells
,
w e p e rf o r -

m e d W e st e r n b l o t a n al y si s ･ W hil e Y T -2 A a n d R b T -5

e x p r e s s e d si m il a r l e v els of T a x p r o t ei n
,
Y T -1 A h a d

diff e r e n t l e v els b a s e d o n th eir cl o ni c c h a r a c t e ris tic s

(F ig . 1
,
1 a n e s ト5) ･ H y b rid c ells t h u s e x p r e s s e d

s ufB ci e n t le v els of T a x p r o t ei n (F ig ･ 1
,
l a n e 6-1 0) ･

c h r ol a m p h e n i c ol a c e t yl t r a n sf e r a s e (C A T) a s s a y

lt h a s b e e n r e p o rt ed th a t T a x m o d u l at e s t h e t r a n -

s c rip ti o n of vir al a n d c ell ul a r g e n e s t h r o u g h i n t e r a c -

ti o n s w ith di v e r s e c ell ul a r f a ct o r s
,
i n clu di n g C R E B /

A T F a n d N ト x B / R el p a t h w a y s
3 1)

I W e i n v e s tig at e d

w h e th e r T a x c o uld a c ti v a t e t h e s e t w o p at h w a y s b y

C A T a s s a y s u si n g r e p o r t e r pl a s m id s p H L C l 1 3)
a n d

I g x t k C A T
1 5'

( s e e M a t e ri als a n d M e th o d s) ･ Fi g ･ 3

sh o w s t h a t T a x c a n s atisf a c t o rily a c tiv a t e b o th

p at h w a y s i n 3 Y I c ells ･ W h e n t h e l g 〝 tk C A T r e p o rt e r

p l a s m id w a s t r a n sf e c t e d i n t o Y T -2 A e x p r e s si n g T a x

F i g . 2 . P h o t o g r a p h s o f c o l o n y f o r m a ti o n o f 3 Y I c ell s i n O ･3 3 % s o ft a g a r ･

c e ll s w e r e p r e p a r e d a s d e s c rib e d i n M a t e ri a l s a n d M e t h o d s ･ A f t e r 3

w e e k s
,

c ell s w e r e p h o t o g r a p h e d m i c r o s c o pi c a ll y ･ B a r i n di c a t e s 1 0 0 JL m ･

A . Y N m i x (3 Y l); B . Y T - 1 A (3 Y l
,

T a x ); C ･ Y T 1 2 A ( 3 Y l
,
T a x) ; D ･

Ⅴ
_

s r c- t r a n昌f o r m e d 3 Y I c ell s .



p I I L C l

l gl t k C A T

p E C R H 2

p K C R 4 0 M

% c o n v e r si o n

＋ ＋

＋ ＋

＋ ＋

4 .0 8 2 .4 3 . 8 2 5 .7

Fi g ･ 3 ･ C A T a s s a y ･ H T L V - 1 L T R-d e p e n d e n t ( p H L C l)
o r N ト 〝 B -d e p e n d e n t (I g 〝t k C A T) r e p o rt e r c o n st r u c t s

w e r e i n t r o d u c e d i n t o 3 Y I c e ll s t o g e th e r w it h ei th e r

p K C R H 2 ( c o n t r o l) o r p K C R 4 0 M ( T a x e x p r e s si o n c o n -

s t r u c t s)
1 5'

･ T r a n s f e c ti o n e 伝c i e n c i e s w e r e n o r m ali z e d b y
a n i n t e r n a l c o n t r o l

,
C M V P - g a l l C A T a s s a y w a s p e r f o r-

m e d a s d e s c rib e d i n M a t e ri a l s a n d M e t h o d s .

T a x →

p 5 3 -

7 8 9 1 0 1 1 1 2

Fi g ･ 4 ･ W e st e r n bl o t a n al y si s o f T a x a n d p 5 3 p r o t ei n s .

L a n e s 1 a n d 7
･
b s r- C M V ( 3 Y l) ; 1 a n e s 2 a n d 8

,
b s r-p 5 3 <

1 7 5 > (3 Y l
,

m u t a n t

(3 Y l
,

m u t a n t p 5 3);
T a x ); 1 a n e s 5 a n d

m u t a n t p 5 3); l a n e s

T a x
,

m u t a n t p 5 3) . E a c h p r o t e i n w a s d e t e c t e d a s d e s c ri b e d
i n M a t e ri a l s a n d M e th o d s ･ T o d e t e c t t h e T a x p r o t e i n

,
a n

a n ti -

m o u s e l g G a l k a ri p h o s p h a t a s e
-

c o nj u g a t e a n tib o d y
w a s u s e d .

p 5 3); 1 e n e s 3 a n d 9
,
b s r･- p 5 3 < 2 7 3 >

l a n e s 4 a n d 1 0
,
b s r t a x - C M V (3 Y l

,

l l
,
b s rt a x - p 5 3 < 1 7 5 > (3 Y l

,
T a x

,

6 a n d 1 2
,
b s r t a x -p 5 3 < 2 7 3 > (3 Y l

,

st e a dily ,
C A T a c ti vit y w a s a b o u t 1 3-f()1d h ig h e r

c o m p a r e d w ih t t h o s e w it h c o n t r ol pl a s m id s (d a t a n o t

s h o w n) .

S u p p r e s si v e A c ti v it y o f R a t 3 Y l f o r T a x 14 3

T a bl e 2 ･ A n c h o r a g e i n d e p e n d e n c y o f 3 Y I c ell e x p r e s s
-

1 n g T a x a n d h u m a n m u t a n t p 5 3

3 Y I c e ll

b s r m i x

b s rt a x m i x

b st a x cl .1

b s t a x cl . 2

b s r- C M V

b s r- p 5 3 く17 5 >

b s r- p 5 3 < 2 7 3 >

b s rt a x - C M V

b s rt a x - p 5 3 く1 7 5 >

b s rt a x - p 5 3 < 2 7 3 >

c ol o n y f o r m l n g
dT a

e

A
n

e t e r

e 氏 c i e n c y ( 0

/o ) (FE m )

<

1 .

1 .

4 .

く

0

1

9

0

0

0

0

1

2

1

7 6

7 2

7 7

C ol o n y f o r m i n g e 凪 ci e n c i e s o f 3 Y I c ell s . C ell s w e r e

g r o w n i n s o ft a g a r f o r 3 w e e k s a n d c ol o n i e s o v e r 6 0 〟 m

w e r e e v a l u a t e d ･ b s r m i x
,

c o n t r o l o f 3 Y I c e ll; b s r t a x m i x
,

3 Y I c ell s e x p r e s s l n g T a x ; b s r t a x c l ･1 a n d b s rt a x c l .2
,

cl o n e s o f 3 Y I c ell s e x p r e s si n g T a x ; b s r- C M V
,
c o n t r o l o f

3 Y I c ell s ; b s r- p 5 3 く 1 7 5 > a n d b s r - p 5 3 < 2 7 3 >
,

3 Y I
c ell s e x p r e s si n g m u t a n t p 5 3 ; b s r t a x - C M V

,
3 Y I c e ll s e x-

p r e s si n g T a x ; b s rt a x - p 5 3 < 1 7 5 > a n d b s rt a x - p 5 3 < 2 7 3 >
,

3 Y I c ell s e x p r e s sl n g b o t h T a x a n d m u t a n t p 5 3 .

I n v ol v e m e n t o f m u t a n t p 5 3 g e n e

W e i n t r o d u c ed th e h u m a n m u t a n t p 5 3 g e n e t o g e t h e r

w it h t h e T a x e x p r e s si o n v e c t o r i n t o 3 Y I c ell s . W e

u s e d h u m a n m u t a n t p 53 t o d et e c t th e e x o g e n o u s

m u t a nt p 53 1 F o r t his p u r p o s e
,

w e e st a blis h e d t h e R a t1
1 c ell e x p r e s si n g T a x a g ai n u si n g p K C R b s r t a x w hi c h
h a s t h e bs r g e n e in cis ･ Fi g ･ 4 s h o w s th e e x p r e s si o n of

b o t h T a x a n d m u t a n t p 5 3 ･ T h e r e s u lt s of c ol o n y
f o r m a ti o n efB ci e n ci e s a r e s u m m a ri z e d i n T a bl e 2

.

T h e h u m a n m u t a n t p 53 did n o t s h o w a n y p o siti v e

e ff e c t s ( T a b le 2
,
b s r- p 5 3 < 1 75 >

,
b s r- p 5 3 < 2 7 3 > ) .

H o w e v e r
,

s o m e cl o n e s e x p r e s s l n g T a x e x h ib it e d

s m all e 鮎 c t s f o r m l n g S m all c ol o ni e s m i c r o s c o p l C ally
a t a v e r y l o w p e r c e nt a g e (b s rt a x cl . 1

,
b s r t a x - C M V

,

b s r t a x … p 5 3 < 17 5 > ) . W e c o uld n ot o b s e r v e visibl e

c ol o ni e s m a c r o s c o p l C ally o n a n y 3 Y I c ells e x p r e s s l n g
b o th T a x a n d p 53 .

I)I S C U S S I O N

T h e 血 di n g t h a t t h e p X s e q u e n c e i s d e t e ct a bl e e v e n

i n t h e l a t e s t a g e s of l e u k e m i c ly m p h o c y t e s
3 2) le a d s t o

t h e a s s u m p ti o n th a t a m ulti st e p m e c h a n is m i n clu di n g
t h e a c ti v a ti o n of th e o n c o g e n e s a n d l o s s of s u p p r e s s o r
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g e n e s m ig h t c a u s e th e o n s et of A T L ･ C o m p a ri s o n of

s e n siti v e a n d r e si s t a n t c ell li n e s f o r T a x - m edi at e d

t r a n sf o r m a ti o n m ig h t p r o vid e v al u ab le clu e s t o

ob t ai n t h e s u p p r e s siv e f a ct o r s b y m o le c ul a r bi ol o g l
-

c al m et h o d s
,
e .g . s u b t r a cti o n o r diff e r e n ti al d is p l a y

3 3)
,

w hi c h c o uld m a k e it e a si e r t o i s ol a t e g e n e s r e s p o n -

sibl e f o r t h e s u p p r e s si v e f u n c ti o n ･ A lt h o u g h 丘b r o-

bl a st s diff e r f r o m ly m p h oid c ells in t h eir g r o w t h

r e g ul a ti o n
,
th e is ol a ti o n of s u p p r e s s o r g e n e s i n th e

肋 r o bl a st s y st e m w o u ld b e h elp f ul i n a n aly z l n g th e

m e c h a n i s m o f th e o n s e t a n d l o n g p e ri o d of l a t e n c y of

A T L . F r o m a s e ri e s of e x p e ri m e n t s
,

w e f o u n d t h a t

3 Y I c ells c o uld b e i n s t r u m e n t al c a n did at e s f o r t his

p u r p o s e ; th e s e a r e r od e n t 丘b r o bl a stic c ells
,
si m il a r t o

R at-1 c ells w it h r e s p e c t t o th eir o r lg l n
,
a n d h a v e b e e n

u s e d f o r t r a n sf o r m ati o n e x p e ri m e n t s p r o vidi n g u s ef u l

i n f o r m a ti o n . A lth o u g h R a ト1 c ell s e x p r e s s l n g T a x

c o uld f o r m visibl e c o l o ni e s in s oft a g a r in dic a ti n g

o n c o g e n i c p o t e n ti al
,
3 Y I c ells w it h t h eir s u 氏ci e n t

e x p r e s si o n l e v el of T a x p r o t ei n c o u ld n o t
,
i n di c ati n g

t h a t 3 Y I c ells a r e r e sis t a n t t o T a x - m e di a t e d t r a n s-

f o r m a ti o n . A lth o u g h t h e b s rt a x m i x
,
b s r t a x cl ･ 1 a n d

b s r t a x - C M V (T a bl e 2) ,
3 Y I c ells e x p r e s sin g T a x

,

e x h ib it e d s o m e s m all si z e d c ol o ni e s at a v e r y l o w

p e r c e n t a g e
,
t h e s e c ol o n ie s w e r e n o t visibl e m a c r o s

-

c o pi c ally a n d g r o w t h c e a s ed af t e r s o m e li m it e d p r o -

1if e r a ti o n i n s oft a g a r ･ It is cl e a r t h a t t his s m all

i n c r e a s e d g r o w t h p r o p e r t y is di ff e r e n t f r o m th e p o si-

ti v e c ol o n y f o r m a ti o n i n di c ati n g o n c o g e n i c p o t e n ti al ･

A ls o
,

w e c o n 丘r m ed th at 3 Y I c ells e x p r s si n g T a x did

n ot p r o d u c e t u m o r s o n a th y m i c n u d e m i c e (d a t a n ot

sh o w n ) . W e n e x t a n aly z ed w h e th e r 3 Y I c ells c o n t ai n

c ell ul a r f a ct o r s w hi c h s u p p r e s s t h e t r a n sf o r m a ti o n b y

T a x o r m e r ely l a c k f a ct o r s r e q uir e d f o r t r a n sf o r m a -

ti o n . C ell f u si o n e x p e ri m e n t s h a v e s o f a r p r o vid e d

v al u ab l e i n f o r m a ti o n o n s u c h a q u e s ti o n
3 4 , 3 5)

･S i n c e

h y b rid c ells a r e k n o w n t o l o s e c h r o m o s o m e s af t e r

v a r y l n g i n t e r v als of ti m e
3 5)

,
w e e v al u at e d th e m a s

p o ol e d p o p ul a ti o n s a t e a rly p a s s a g e s w ith t h e s a m e

p r o c e s s a v oidi n g th e i n 乱1 e n C e O f a ti m e c o u r s e ･

H y b ri d c ells p r o d u c ed b y th e f u si o n of R m i x ( R at-1

c ells) w it h R b T -5 (R a ト1 c ells e x p r e s si n g T a x )

sh o w e d a m ild r e d u c ti o n i n c ol o n y f o r m i n g

e 丘ci e n ci e s (T a bl e 1
,
R b T -5 x R m i x ) ･ W e s p e c ul a t e

t h a t t h e r e m i g h t b e v e r y u n s t ab le h y b rid c ells w hi ch

c o u ld n o t g r o w i n t h e m e di u m t h r o u g h t h e s e e a rly

p a s s a g e s ･ I n c o n t r a st
,

alth o u g h h y b rid c ells b et w e e n

y N m i x (3 Y I c ell s) a n d R b T -5 ( R a t-1 c ells e x p r e s si n g

T a x ) h a d a s u 凪ci e n t le v el of T a x p r ot ei n ( Fi g ･
1

,
l a n e

9) ,
th e s e c ells sh o w e d a n e vid e n t r e d u c ti o n i n c ol o n y

f o r m i n g e 氏ci e n ci e s
,

s u g g e sti n g s o m e s u p p r e s si v e

f a c t o r s a g ai n st T a x - m e di at e d t r a n sf o r m a ti o n i n 3 Y I

c ells ( T a bl e 1
,

Y N m ix x R b T -5) ,
alt h o u g h th e s e

m e ch a n is m s a r e n o t k n o w n .

R e c e n tly l n o u e e t al l h a v e r e p o r t ed t h a t n o r m al

h u m a n 丘b r o bl a st s c o n t ai n s u p p r e s s o r g e n e( s) w h ic h

c a n bl o c k T a x - m e di a t ed t r a n sf o r m ati o n b y f u si o n

e x p e ri m e n t s
3 4)

･ A m o n g th e s e v e r al s u p p r e s si v e g e n e s

r e p o r t ed s o f a r
,
th e r e p r e s e n t a ti v e h u m a n s u p p r e s s o r

g e n e in v olv ed i n c a n c e r s i s p 53 ･ T h e p 5 3 g e n e m u t a -

ti o n h a s b e e n sh o w n t o b e i n v ol v e d i n th e p r o g r e s si o n

of v a ri o u s h u m a n c a n c e r s
2 0 ,

3 6)
,
a n d s o m e r e p o r t s h a v e

s u g g e st e d t h e p a r ti cip a ti o n of a m u t ati o n of p 5 3 g e n e

i n A T L
,
e s p e ci all y i n t h e a c u t e f o r m

2 1- 2 3)
･ W e t h e r e-

f o r e i n v e s ti g at e d th e e 鮎 ct o f m u t a n t p 53 ,
w hi c h h a s

b e e n s h o w n t o h a v e a d o m i n a n t n e g a ti v e eff e c t

bi ol o gi c ally ･ W e i n t r o d u c e d t h e h u m a n m u t a n t p 5 3

g e n e t o g e th e r w it h t h e T a x e x p r e s si o n c o n st r u c t i n t o

3 Y I c ells .
A ft e r c o n 丘r m i n g t h e e x p r s si o n s of e a c h

p r o t ei n
,

w e in v e stig a t ed th e o n c o g e ni c p o t e n ti als b y

s oft a g a r a s s a y ,
r e s u lti n g i n n o c ol o n y f o r m a ti o n ･ W e

th u s s p e c ul at e d th at th e c o o p e r a ti o n of t h e s e g e n e s

m i gh t b e i n s u 凪ci e n t o r a d diti o n al f a ct o r s a r e i n di s -

p e n s a b le f o r th e t r a n sf o r m ati o n of 3 Y I c e11s ･

It h a s b e e n r e p o r t e d t h at T a x m o d u l at e s th e t r a n -

s c ri p ti o n of vi r al a n d c ell ul a r g e n e s t h r o u g h i n t e r a c -

ti o n s w it h di v e r s e c ell ul a r f a c t o r s
,
in cl u di n g C R E B /

A T F a n d N F - 〝 B / R el
,

m e di a t e d th r o u g h dis ti n c t

r e gi o n s of T a x
3 l

･
3 7'

･ R e c e n t r e p o r t s h a v e s u g g e st e d

t h a t t h e c o n stit u ti v e a c ti v ati o n of N F - 7 { B is e s s e n ti al

f o r a T a x - m e di a t e d t r a n sf o r m ati o n of r a t 丘b r o bl a s t s
,

d e m o n s t r ati n g th at t h e st a bl e c o- e x p r e s si o n of th e

N F K B 2 p r e c u r s o r
,
k n o w n a s a m e m b e r of th e I 〝B

p r o t ein s
,

w ith w ild -t y p e T a x bl o c k e d t r a n sf o r m a ti o n

a s w ell a s eli m i n a t e d ab e r r a n t N F- 〝 B a c ti v a ti o n b y

T a x w it h o u t i n t e rf e r e n c e w it h t h e H T L V -I L T R-

m edi a t e d t 71a n S- a Cti v a ti o n
1 5)

. T h e r ef o r e w e i n v e s -

ti g a t e d T a x a c ti v ati o n o f th e N F - 〝 B p a t h w a y i n 3 Y I

c ells b y C A T a s s a y s u si n g a 〝 B-d e p e n d e n t C A T

r e p o r t e r c o n st r u c t ･ C ells w e r e t r a n si e n tly c o
-

t r a n sf e c t e d w it h a T a x e x p r e s si o n c o n st r u c t a n d

C A T r e p o rt e r p l a s m id s c o n t ai n i n g th e H T L V -I L T R

o r a n N F - 〝 B - d e p e n d e n t p r o m o t e r ･ A s s h o w n i n F ig ･

3
,
T a x c a n s a ti sf a ct o rily a c tiv at e t r a n s c ri p ti o n f r o m

b o th of t h e p a t h w a y s i n 3 Y I c ells I Si n c e th e t r a n s -

a c ti v a ti o n of T a x ob s e r v e d i n t r a n si e n t e x p r e s si o n

e x p e ri m e n t s d o n o t n e c e s s a ril y a s s u r e u s of th e c o n
-

stit u ti v e t r a n s c rip ti o n al a cti v a ti o n of t h e t a r g et

g e n e s i n 3 Y I c e lls st e a dily e x p r e s si n g T a x
,

w e t r a n s-

f e ct e d t h e N F - 〝 B - d e p e n d e n t r e p o r t e r c o n s t r u c t i n t o

y T - 2 A e x p r e s si n g T a x s t e a dily t o i n v e stig a t e th e

c o n s tit u ti v e a c tiv ati o n o f t h e N F - 〟 B / R el p a th w a y ･

T h e r e s ult sh o w e d in t e n s e a c ti v a ti o n ( m o r e t h a n 10

-f old) of th e N F - 〝B / R el p a t h w a y b y T a x i n 3 Y I

c ell s (d at a n o t sh o w n) . I t i s of i n t e r e s t t h a t 3 Y I c ells

a r e r e sis t a n t f o r T a x
- m edi at e d t r a n sf o r m ati o n w it h

th e c o n s tit u ti v e a cti v a ti o n o f N F一〝 B p a th w a y s ･ T his

r e s ult m ig h t s u g g e st u n k n o w n p a th w a y s w hi c h p l a y a



c e n t r al r ol e f o r th e T a x - m e di a t e d t r a n sf() r m ati o n of

r a t 飢 r o bl a st s i n a d diti o n t o N F - 〝 B / R el p a t h w a y s .

A n ot h e r p o s sib ilit y is t h a t 3 Y I c ells m ig h t r e t ai n th e

s u p p r e s si v e f a ct o r s ( g e n e s) w hi c h c o uld bl o c k t h e

t r a n sf o r m a ti o n c a u s e d b y t h e g e n e f a m ily g o v e r n e d

b y N ト 〝 B / R el p a t h w a y s . S i n c e o n c o g e ni c p o t e n ti als

h a v e b e e n r e p o rt e d f o r s e v e r al R el/ N F一一〝 B f a m ily
m e m b e r s

3 8
, 3 9 )

,
a n at t e m p t t o o b t ai n s o m e s u p p r e s s o r

c a n did a t e s m i g h t b e v alu a bl e f o r u n d e r s t a n di n g h o w

N F - 〟 B r e g ul at e s c o m pli c at e d c ell g r o w t h - r el a t e d

g e n e s .

I n c o n cl u si o n
,
3 Y I c ells c a n b e u s e d t o el u cid a t e th e

m e c h a n i s m n o t o n l y f o r T a x m e di at e d - t r a n sf o r
_

m a ti o n
,
b u t als o f o r t h e g e n e r e g u l a ti o n of N ト x B

f a m ili e s ･ W e a n ti ci p at e t h a t a c o m p a ris () n b et w e e n

R a ト1 c ell s a n d 3 Y I c ells w ill p r o vid e n e w i n sig h t s

in t o th e m ol e c ul a r m e c h a n is m of g e n e r e g u l a ti o n

r el a t e d t o T a x .

A c k n o w l e d g m e n t s ･ T h e s e w o r k s w e r e p e rf o r m e d a t th e

∫n s tit u t e f o r V i r u s R e s e a r c h
,
K y o t o U n i v e r sit y . W e th a n k

D r ･ M a k o t o U c hi y a m a f o r h i s g e n e r o u s s u p p o rt a n d c riti -

c a l r e a d i n g o f th e m a n u s c ri p t . W e a l s o th a n k M s .

M i c h i k o Si m i z u a n d M s ･ Y u k o S o g a f o r p r e p a ri n g t h e

fi g u r e s .

R E F E R E N C I∃S

1) Y o s h id a M
,

M i y o s h i I
,

H i n u m a Y : I s o l a ti o ll a n d

c h a r a ct e ri z a ti o n o f r e t r o v i r u s f r o m c ell li n e s o f

h u m a n a d u lt T c ell l e u k e m i a a I- d it s i m pli c a ti o n i n

th e d i s e a s e s I P r o c N a il A c a d S ci U S A 7 9 : 2 0 3 ト20 3 5
,

1 9 8 2 .

2) S e i k i M
,

H a tt o ri S
,

H i r a y a m a Y
,

Y o s h id a M :

H u m a n a d u lt T c e ll l e u k e m i a vi r u s : C o m p l e t e n u-
cl e o ti d e s e q u e n c e o f t h e p r o v i r u s g e n o m e i n t e g r a t e d

in 1 e u k e m i a c e ll D N A . P r o c N a tl A c a d S ci U S A 8 0 :

3 6 1 8- 3 6 2 2
,
1 9 8 3 .

3) L e e T H
,

C o li g a n J E
,
S o d r o s k i J G ,

H a s el ti n W A
,

S a l a h u d d in S Z
,
W o n g

-S t a a l F
,
G a ll o R C

,
E s s e x M :

A n ti g e n s E n c o d e d b y t h e 3
'

- T e r mi n al R e gi o n o f

h u m a n T -C ell L e u k e m i a V i r u s : E v id e n c e f o r a

F u n cti o n a l G e n e . S c i e n c e 2 2 6 .

･

5 7- 6 1
,
1 9 8 4 .

4) S l a m o n D J ,
S h i m o t o h n o K

,
C li n e M J ,

G ol d e D W
,

C h e n IS V : I d e n ti fi c a ti o n o f th e P u t a ti v e t r a n sf o r m
_

i n g p r o t e il- O f t h e h u m a n T -C ell l e u k e m i a v i r u s e s
,

H T L V - I a n d H T L V -II . S ci e n c e 2 2 6 : 6 1- 6 5
,
1 9 8 4 .

5) K i y o k a w a T
,

S ei k i M
,
I w a s h i t a S

,
1 m a g a w a K

,

S h i m i z u F
,
Y o s hi d a M : p 2 7

X-- ‖l

a n d p 2 1
Ⅹ-- 川

, p r o t e i n s

e n c o d e d b y th e p X s e q u e n c e o f h u m a n T - c ell l e u k e-
m i a v i r u s t y p e I . P r o c N a il A c a d S ci U S A 8 2 .

･

8 3 5 9-
8 3 6 3

,
1 9 8 5 .

6) S ei k i M
,
I n o u e J I

,
T a k e d a T

,
Y o s hi d a M : D i r e c t

S u p p r e s si v e A c ti vi ty o f R a t 3 Y l f o r T a x 1 4 5

e v i d e n c e th a t p 4 0
Ⅹ

o f h u m a n T - c ell l e u k e m i a v i r u s

t y p e I i s a t 71a n S- a c ti n g t r a n s c ri p ti o n a l a c ti v a t o r .

E M B O I 5 : 5 6 1- 5 6 5
,
1 9 8 6 .

7) F ujii M
,
S a s s o n e- C o r si P

,
V e r m a I M : c j o s p r o m o t e r

t r a n s a c ti v a ti o n b y t h e t a x l p r o t ei n o f h u m a n T - c ell

l e u k e mi a vi r u s ty p e I . P r o c N a il A c a d S c i U S A 8 5 :

8 5 2 6- 8 5 3 0
,
1 9 8 8 .

8) I n o u e J ,
S e i k i M

,
T a n i g u c h i T

,
T s u r u S

,
Y o s h i d a M :

I n d u c ti o n o f i n t e rl e u k i n 2 r e c e p t o r g e n e e x p r e s si o n

b y p 4 0
X

e n c o d e d b y h u m a n T - c e ll l e u k e m i a v i r u s

ty p e I ･ E M B O I 5 : 2 8 8 3- 2 8 8 8
,
1 9 8 6 .

9) S i e k e vi t z M
,

F e i n b e r g M B
, H o lb r o o k N

,
W o n g-

S t a a l F
,
G r e e n W C : A c ti v a ti o n o f i n t e rl e u k i n - 2 a n d

i n t e rl e u k i n - 2 r e c e p t o r ( T a c) p r o m o t e r e x p r e s si o n b y

th e t r a m s- a c ti v a t o r (t a t) g e ll e p r o d u c t o f h u m a n T

- c e ll l e u k e mi a vi r u s
, t yp e I . P r o c N a tl A c a d S ci

U S A 8 4 : 5 3 8 9- 5 3 9 3
,
1 9 8 7 .

1 0) Si e k e v it z M
, J o s e p h s S F

,
D u k o v i c h M

,
P e 鮎 r N

,

W o n g- S t a a l F
,
G r e e n W C : A c ti v a ti o n o f t h e H I V J

L T R b y T c e ll m i t o g e n s a n d t r a n s a c ti v a t o r p r o t ei n

o f H T L V -I ･ S ci e n c e 2 3 8 : 1 5 7 5- 1 5 7 8
,
1 9 8 7 .

l l) P o z a tti R
,
V o g el ∫, J a y G : T h e h u m a n T -1 y m p h o

-

t r o pi c v i r u s t y p e I ta x: g e n e c a n c o o p e r a t e w i th t h e

71a S O n C O g e n e t O i n d u c e n e o pl a sti c t r a n sf o r m a ti o n o f

c e ll s I M ol c ell B i o 1 1 0 : 4 1 3- 4 1 7
,
1 9 9 0 .

1 2) T a n a k a A
,
T a k a h a s h i C

,
Y a m a o k a S

,
N o s a k a T

,

M a k i M
,

H a t a n a k a M : O n c o g e n i c t r a n sf o r m a ti o n

b y th e t a x g e n e o f h u n - a n T - c ell l e u k e m i a v i r u s t y p e

I in vi t r o ･ P r o c N a il A c a d S ci U S A 8 7 : 1 0 7 ト10 7 5
,

1 9 9 0 .

1 3) S a k u r ai M
,
Y a m a o k a S

,
N o s a k a T

,
A k a y a m a M

,

T a n a k a A
,

M a k i M
,

H a t a n a k a M : T r a n sf o r m i n g

a c ti v i t y a n d th e l e v e l o f t a x p r o t e i n : e ff e c t o f o n e

p o i n t m u t a ti o n i n H T L V -I t a x g e n e . I n t I C a n c e r

5 2 : 3 2 3- 3 2 8
,
1 9 9 2 .

1 4) Y a m a o k a S
,
T o b e T

,
H a t a n a k a M : T a x p r o t e in o f

h u m a n T - c e ll l e u k e m i a v i r u s t y p e I i s r e q u i r e d f o r

m ai n t e n a n c e o f th e t r a n s f o r m e d p h e n o t y p e . O n-
c o g e n e 7 : 4 3 3- 4 3 7

,
1 9 9 2 .

1 5) Y a m a o k a S
,
I n o u e H

,
S a k u r a i M

,
S u gi y a m a T

,

Ⅲ a z a m a M
,
Y a m a d a T

,
H a t a n a k a M : C o n s tit u ti v e

a c ti v a ti o n o f N F- w B i s e s s e n ti a l f o r t r a n sf o r m a ti o n

o f r a t 丘b r o bl a st s b y t h e h u m a n T - c ell l e u k e m i a

v i r u s t y p e I T a x p r o t e i n . E M B O J 1 5 : 8 7 3- 8 8 7
,
1 9 9 6 .

1 6) T o k u d o m e S
,

T o k u n a g a 0
,

S h i m a m o t o Y
,

M i y a m o t o Y
,
S u mi d a I

,
K i k u c h i M

,
T a k e sh it a M

,

I k e d a T
,
F uji w a r a K

,
Y o s h i h a r a M

,
Y a n a g a w a T

,

N i s h i z u m i M : I n c id e n c e o f a d u l t T - C ell l e u k e m i a/
1 y m p h o m a a m ()I - g h u m a n T -1 y m p h o t r o p i c v i r u s

T y p e I c a r ri e r s i n S a g a
, J a p a n

, C a n c e r R e s e w c h 4 9 :

2 2 6- 2 2 8
,
1 9 8 9 ,

1 7) K i m u r a G
,
I t a g a k i A

,
S u m m e r s ∫: R a t c ell li n e 3 Y l

a n d v i r o g e n i c p o l y o m a- a n d S V 4 0- t r a n s f o r m e d

d e ri v a ti v e s , I n t I C a n c e r 1 5 : 6 9 4 7 0 6
,
1 9 7 5 .



1 4 6 M . S A K U R Al e t al .

1 8) J o h n A W ,
K ri s ti n a Q : I n f e c ti o n o f r a t c ell s b y A v i a n

s a r c o m a v i r u s : F a c t o r s a ff e c ti n g t r a n s f o r m a ti o n

a n d s u b s e q u e n t r e v e r si o n ･ V l

'

r o l o g y 1 0 6 : 2 1 7- 2 3 3
,

1 9 8 0 .

1 9) Z ai t s u li
,
T a n a k a 班

,
M it s u d o m i T

,
M a t u z a ki A

,

o h t s u M
,

K i m u r a G : D i ff e r e n c e s i n p r olif e r a ti o n

p r o p e rti e s a m o n g s u b li n e s o f r a t 3 Y l 丘b r o b l a s t s

t r n s f o r m e d b y v a ri o u s a g e n t s i n v i t r o ･ B i o m e di c a l

R e s e a r c h 9 : 1 8 1- 1 9 7
,
1 9 8 8 .

2 0) Le v i n e A J : T u m o r s u p p r e s s o r g e n e s ･ B i o a s s a y s 1 2 : 6 0

- 6 6
,
1 9 9 0 .

2 1) S u git o S
,
Y a m a t o K

,
S a m e s hi m a Y

,
Y o k o t a ∫

,
Y a n °

s
,
M i y o s h i I : A d u lt T- c ell l e u k e m i a : S t r u c t u r e s a n d

e x p r e s si o n o f th e p 5 3 g e n e ･ I n t J C a n c e r 4 9 : 8 8 0- 8 8 5
,

1 9 9 1 .

2 2 ) S a k a s hit a A
,
H a tt o ri T

,
M ill e r C W

,
S u z u s h i m a H

,

A s o u N
,
T a k a t s u k i K

,
K o e 組 e r H P : M u t a ti o n s o f th e

p 5 3 g e n e i n a d u l t T I C el1 1 e u k e m i a ･ B l o o d 7 9 : 4 7 7

- 4 8 0
,
1 9 9 2 .

2 3) N a g a i li
,
K i n o s h i t a T

,
I m a m u r a ∫,

M u r a k a m i Y
,

H a y a s hi K
,
M u k a i K

,
I k e d a S

,
T o b i n a i K

,
S ai t o H

･

s h i m o y a m a M
,
S h i m o t o h n o K : G e n e ti c al t e r a ti o n o f

p 5 3 i n s o m e p a ti e n t s w i th a d u l t T - c ell l e u k e m i a . h n

J C a n c e r R e s 8 2 : 1 4 2 1- 1 4 2 7
,
1 9 9 1 ･

2 4) T a n a k a H
,

Z ai t s u H
,

O n o d e r a K
,

K i m u r a G :

I n 臥1 e n C e O f t h e d e p ri v a ti o n o f a si n gl e a m i n o a ci d

o n c e ll u l a r p r o lif e r a ti o n a n d s u r v i v a l i n r a t 3 Y l

fib r o b l a st s a n d t h ei r d e ri v a ti v e s t r a n sf o r m e d b y a

w i d e v a ri e t y o f a g e n t s . I C ell P h y si o 1 1 3 6 : 4 2 11 4 3 0
,

1 9 8 8 .

2 5) M a t s u z a k i A
,
O k u d a A

,
T a m u r a H

,
O h t s u M

,
K i m u-

r a G : F r e q u e n c y o f c ell t r a n s f o r m a ti o n b y t h e s m all

D N A t u m o r v i r u s e s : I n f e c ti o n o f p r o lif e r a ti n g c e ll s

a n d q u i e s c e n t c ell s ･ M i c r o b i o I I m m u n o1 3 3 : 6 5 7- 6 6 7
,

1 9 8 9 .

2 6 ) I z u m i M
,
M i y a z a w a H

,
K a m a k u r a T

,
Y a m a g u c hi I

,

E n d o T
,

H a n a o k a F : B l a sti c id i n S- r e si s t e n t g e n e

(b s r) : a n o v el s el e c t a b l e m a r k e r f o r m a m m a li a n

c ell s . E xP C ell R e s 1 9 7 : 2 2 9- 2 3 3
,
1 9 9 1 1

2 7) H i n d s P W
,
F i n l a y C A

, Q u a r ti n R S
,
B a k e r SJ ,

F e a r-

o n E R
,
V o g el st ei n B

,
L e vi n e A J : M u t a n t p 5 3 D N A

cl o n e s f r o m h u m a n c o l o n c a r ci n o m a s c o o p e r a t e

w it h r a s i n t r a n s f o r m l n g p r l m a r y r a t C e ll s : a c o m -

p a ri s o n o f th e
H

h o t s p o t
H

m u t a n t p h e n o t y p e s ･ C ell

G r o u )th & D zjfe r e n ti a ti o n I : 5 7 1- 5 8 0
,
1 9 9 0 ･

2 8) B a k e r S J
,
M a r k o w i t z S

,
F e a r o n E R

,
W ill s o n J K V

,

V o g el st e i n B : S u p p r e s si o n o f h u m a n c o l o r e c t a l c a r
-

c i n o m a c ell g r o w t h b y w il d-t y p e p 5 3 ･ S c i e n c e 2 4 9 :

9 1 2- 9 1 5
,
1 9 9 0 .

2 9) M o ri K
,
S a b e H

,
S h i o m i H

,
Ii n o T

,
T a n a k a A

,

T a k e u c h i K
,
Ⅲi r a y o s hi K

,
H a t a n a k a M : E x p r e s si o n

o f a p r o v i r u s o f h u m a n T c e ll l e u k e m i a v i r u s t y p e l

b y D N A t r a n sf e c ti o n . I G e n V i r o 1 6 8 : 4 9 9- 5 0 6
,
1 9 8 7 ･

3 0 ) M a c g r e g o r G R
,
C a s k e y C T : C o n st r u c ti o n o f p l a s

-

m i d s t h a t e x p r e s s E . C o lt P - g a l a c t o si d a s e i n m a m m 1

1i a n c ell s . N u c r ei c A ci d s R e s 1 7 : 2 3 6 5
,
1 9 8 9 .

3 1) S m it h M R
,
G r e e n W C : I d e n ti丘c a ti o n o f H T L V l t a x

t r a n s a c ti v a t o r m u t a n t s e x h i b iti n g n o v e l t r a n
-

s c ri p ti o n a l p h e n o t y p e s ･ G e n e s D e u 4 : 1 8 7 5- 1 8 8 5
,

1 9 9 0 .

3 2) L e e T H
,
C o li g a n J E

,
S o d r o s k i J G

,
Ⅲ a s e lti n e W A

,

s a l a h y d di n S Z
,
W o n g-S t a a l F

,
G a ll o R C

,
E s s e x M :

A n ti g e n s e n c o d e d b y t h e 3
'

-t e r m i n a l r e g i o n o f

h u m a n T - c ell l e u k e m i a v i r u s : E v id e n c e f o r a f u n c
-

ti o n a l g e n e . S ci e n c e 2 2 6 : 5 7- 6 l
,
1 9 8 4 ･

3 3) Li a n g P
,
P a rd e e A B : D i ff e r e n ti al d i s p l a y o f e u k a r-

y o ti c m e s s e n g e r R N A b y m e a n s o f t h e p ol y m e r a s e

c h ai n r e a c ti o n . S ci e n c e 2 5 7 : 9 6 7- 9 7 1
,
1 9 9 2 .

3 4) I n o u e H
,

Y a m a o k a S
,
I m a m u r a M Ⅲ a t a n a k a M :

s u p p r e s si o n o f t h e t r a n sf o r m e d p h e n o t y p e i n

h y b ri d s o f h u m a n T - c ell l e u k e m i a v i r u s T y p e I t a x

- t r a n sf o r m e d r a t fib r o b l a st s a n d n o r m al h u m a n

fi b r o b l a s t s . E xP C ell R e s 2 1 5
,
6 8- 7 4

,
1 9 9 4 ･

3 5 ) S a g e r R : G e n e ti c s u p p r e s si o n o f t u m o r f o r m a ti o n : A

n e w f r o n ti e r i n c a n c e r r e s e a r c h . C a n c e r R e s 4 6 : 1 5 7 3

- 1 5 8 0
,
1 9 8 6 .

3 6) L e v i n e A J
,
M o m a n d ∫,

Fi n l a y C A : T h e p 5 3 t u m o u r

s u p p r e s s o r g e n e . N a t u r e 3 5 1 : 4 5 3- 4 5 6
,
1 9 9 1 1

3 7) S m ith M R
,
G r e e n W C : T y p e l h u m a n T c ell l e u k e-

m i a vi r u s T a x p r o t ei n t r a n sf o r m s r a t 丘b r o b l a s t s

th r o u g h th e c y c li c a d e n o si n e m o n o p h o s p h a t e

r e s p o n s e el e m e n t b i n d i n g p r o t ei n / a c tib a ti n g t r a n
-

s c ri p ti o n f a c t o r p a t h w a y . I C li n I n v e st 8 8 : 1 0 3 8-

1 0 4 2
,
1 9 9 1 .

3 8 ) N e ri A
,
C h a n g C

,
L o m b a r d i L

,
S a li n a M

,
C o r r a di n i

P
,

M a i o l o A T
,

C h a g a n ti R S K
,
D a ll a- F a v e r a R : B

c ell l y m p h o m a
-

a s s o ci a t e d c h r o m o s o m al t r a n sl o c a-

ti o n i n v o l v e s c a n di d a t e o n c o g e n e ly t- 1 0
,

h o m ol o g o u s t o N F- x B p 5 0 ･ C ell 6 7 : 1 0 7 5- 1 0 8 7
,
1 9 9 1 ･

3 9) O h n o H
,
T a k i m o t o G

,
M c k ei th a n T W : T h e c a n d i-

d a t e p r o t o
-

o n c o g e n e ∂cJ- 3 i s r e l a t e d t o g e n e s i m -

pli c a t e d i n c ell li n e a g e d e t e r m i n a ti o n a n d c e ll c y cl e

c o n t r ol . C ell 6 0 : 9 9 11 9 9 7
,
1 9 9 0 .




